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Abstract:-Our previous studies suggested that digital
signal processing methods can be used to analyse linear
sequences of amino acids to reveal the functional
informational within the protein sequence. In this study
both spectral and time-frequency methods are applied to
the analysis of the functional content of HIV virus
envelope proteins. Here, we have identified specific
RRM fregquency of HIV proteins, predicted active sitesin
these proteins and compared these predictions with
experimentally determined active sites.

| INTRODUCTION

The Acquired Immuno-Deficiency Syndrome, AIDS, is
caused by the human immunodeficiency virus (HIV)
which predominantly attacks cells having CD4 molecule
on their surface. The mechanisms of viral entry and
replications are already well known but the mechanism

by which cell depletion occursis still poorly understood
and thus there is still no efficient cure for the disease.
The first step in the infection of host cells by HIV virus
isinteraction between HIV envelope protein and the CD4
antigen. HIV envelope protein, gpl60 is initialy divided
into two fragments proteins gp120 and gp41, which then
bind to each other to interact with the CD4 cell antigen.
This, as any other protein functional interaction, is a
specific and selective interaction. The rules governing
the coding of the protein’s ability to selectively interact
with other molecules is yet to be discovered. The
Resonant Recognition Model (RRM) [1-4] is one attempt
to identify the selectivity of protein interactions within
the amino acid sequence. The RRM proposes that the
specificities of protein interactions are based on the
resonant electromagnetic energy transfer at the specific
frequency for each interaction. The RRM is applied here
to analyse HIV virus proteins, their interactions and in
particular HIV active siteswithin HIV envelope proteins.

Studies on antiviral activity of peptides from HIV-1
envelope revealed three peptides: DP-107, peptide-637-
666 and the most potent, T20, al from gp4l have
antiviral activity [5-7]. The mechanism by which these
peptides inhibit HIV-1 infection is still not known. We
have previously analysed inhibitory activity of these
peptides, using the RRM model [1,2,15]. Here we use the
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continuous wavelet transform to predict positions of
inhibitory peptides as well as to predict the position of
binding site between HIV-env and CD4 antigen in the
HIV envelope protein.

I METHODS: the Resonant Recognition Mode (RRM)

The Resonant Recognition Model is based on the
finding that there is a significant correlation between
spectra of the numerical presentation of amino acid and
their biological activity[1-4]. By assigning the electron-
ion interaction potential (EIIP) vaue [8] to each amino
acid, the protein sequence can be converted into a
numerical sequence. These numerical series can then be
analysed by appropriate digital signal processing
methods (fast Fourier transform is generally used). To
determine the common frequency components in the
spectra for a group of proteins, the multiple cross-
spectral function was used. Peaks in this function
denote common frequency components for the
sequences analysed. Through an extensive study, the
RRM has reached a fundamental conclusion: one RRM
characteristic frequency characterises one particular
biological function or interaction [1-4]. Thus, it can be
postulated that RRM frequencies characterise not only
general function but also recognition and interaction
between particular protein and its target

Once the RRM characteristic frequency for a particular
biological function or interaction has been determined, it
is possible to identify the individual amino acids so
called “hot spots”, or domains that contribute mostly to
the characteristic frequency and thus to protein's
biological function as well. Initialy, these amino acids
wereidentified using Inverse Fourier Transform (IFT) [1-
4]. Recently, the wavelet transform (WT) has been

incorporated into the RRM. The wavelet transform uses
a set of dilated and translated wavelets as the signal

decomposition basis [9]. The continuous wavelet
transform(CWT) of signal s(t) is defined as:

cwt(a,b) = a5(t) (UCa) y [(t-b)/a] dt

where b is the shift factor and a isthe scale factor. CWT
provides same time/space resolution for each scale and
thus, CWT can be chosen to localise individual events,
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such as the active site identification. The active sites
along the protein sequence are determined through
studying the set of local extrema of the moduli in the
wavelets transform domain. Sites with energy
concentrated local extrema are the locations of sharp
variation points of EIlP and are proposed to be the most
important information siteg10,11,16].

Il PRELIMINARY RESEARCH

The RRM model is based on the finding that distribution
of delocalised electron energies along the protein play
crucia role in determining protein biological activity [1-
4]. In fact, it was found that proteins having the same
biological function (same target or receptor) share same
periodicities (frequencies) in this energy distribution.
These frequencies are denoted as characteristic
frequencies for the particular biological process.
Although receptors share the same characteristic
frequency with ligand proteins, indicating that their
recognition is on the basis of periodic matching between
energy distribution, the phase at particular frequency is
opposite (phase shift close to +p = +3.14 rad between
receptors and ligands). [1-4]

Envelope gpl60 proteins from 19 different HIV isolates
(lavl/bru, hxb2, nl43, sf2, sc, mn, rf, wmj2, cdc451, ny5,
jh3, brva, di, mal, z6, z2z6, z3, z321, jyl1, ndk, oyi) were
analysed by the RRM procedure. Only one common
frequency component for all analysed isolates was
obtained as prominent peak at frequency f1=0.185+0.001
(signal-to-noise=484) in the crosspectral function (Fig.1).
According to RRM concepts, it can be proposed that
this frequency characterises the common biological
behavior of all analysed proteing[1-4,12,13,15].
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Figure 1 Cross-spectral function of gpl60 env proteins from
19 different isolates reveding the characteristic frequency at
f1=0.1855.

The 44 amino acid fragments of gpl20, found to be
crucia for binding to CD4, from 11 HIV isolates (lav,
avz, di, ny5, wmj2, mal, z3, 3cg, cdcd51, hxb2, hat) were
also analysed. The RRM analysis showed that these
regions share the same characteristic frequency f1 (as
gpl60env proteins), but they also have their own more

prominent characteristic at frequency f2=0.219+0.022 [1-
3,12,13,15].

It is important to note that the frequency band f1=0.18
was also found to be significant in the spectra of p55gag
and gp4lenv HIV proteins while frequency band f2=0.21
was found to be significant in the spectra of p17gag HIV
proteins [1,2,4,12,13]. Thus both frequencies can be
anticipated as a general characteristics of HIV proteins
related to the viral interaction with CD4 as well as to its
immune reactivity. To provide confirmatory evidence if
one or both of those two characteristic frequencies
characterise HIV immunoreactivity, de novo peptides
having only f1 and/or f2 frequency characteristics in
their RRM spectra have been previously designed using
the RRM peptide design procedures [1-4,12-14]. These
results have shown that synthetic peptides which are
non-homologous to any HIV protein, but have only the
same characteristic frequency as HIV env proteins, do
generate the immune response which can recognise viral
proteins [1,2,4,12,13]. The experimental confirmation that
frequencies are important parameter for biomolecular
recognition and in particular for antibody-antigen
recognition has been shown by the significant cross-
reactivity to the policlonal antibodies raised against
peptides which share at least one characteristic
frequency and phase[1,12,13].

Table 1:.Characteristic RRM frequencies found in
different HIV proteins.

Protien freq.0 | freql | freq.2
Gp160env 0.18
44mer120env 0.18 021
p5S5gag 0.18

pl7gag 021
Nef (HIV+SIV) 0.06

T20 0.21
CD4 human 0.21
CD4Ag (8 0.035

Gp120env 0.035 021 | 024
CD4 + gp120 0.035

In addition, when all HIV and HIV target proteins were
analysed, only 3 frequency bands have been identified
pointing out that HIV virusisvery smplein term of RRM
frequencies (Table 1).

Interestingly when RRM was applied the freguency
f2=0.21 was found to be characteristic of the interaction
between CCR5 co-receptor and gp120env

IV RESULTSAND DISCUSSION

Three HIV inhibitory peptides, DP-107, peptide 637-666
and T20 peptide, have been identify so far as fragments
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of HIV envelope protein gpl60. All of these HIV-1
inhibiting peptides selectively bind to the virus fusion
domain, have same characteristic frequency as HIV-env
proteins with phases opposite at this frequency [1]. As
it was shown previously, HIV envelope proteins, gpl60,
from 19 HIV-1 isolates indeed have one common
frequency f=0.185+0.001 (Fig.1). The same frequency was
identified as common for gp41 and gpl20 characterising
their mutual interaction [1,2,4,12,13,15]. When inhibitory
peptides were analysed al three of them have shown
peak at frequency f=0.185+0.001[1,15].

The other fragment of our interest is 44-mer gpl20env
fragment which was found to be crucial for binding to
the CD4. All of these fragments are highlighted in the
gp160 env sequence (Fig. 2). The braking point between
gpl20env and gp4lenv within the whole gpl60env
sequence is assigned with an arrow (« ).

We have shown previously [10,11,16] functional, active
sites of proteins can be identified as high energy regions
in the Continuous Wavelet Transform (CWT) of
numerical presentation of the protein sequence. We
applied here CWT to the whole envelope protein (gpl160
- Fig. 3) and to its functional fragments (gp120 and gp41
figures 4,5 respectively). Theaimisto seeif it ispossible
to identify active CD4 binding site (44-mer fragment) as
well as HIV inhibitory fragments (T20, DP-107 and 637-
666 peptide) from CWT scalograms. Morlet wavelet
function was used as it was shown earlier that it is best
for use with protein sequences [16]. The characteristic
frequency bands (f0=0.06, f1=0.18 and f2=0.21) are
assigned in scalograms with arrows. It can be observed
from the Figure 3 that there is a number of energetically
significant domains in the whole gpl60 HIV env
sequence. However, as the sequence is relatively long
(861 amino acids) there are too many details in the image
and thus it is not easy to distinguish important details.
More details can be observed from separate CWT
scalograms for gpl20 and gp4l respectively (Figures

45).

From gp120 scalogram (Fig. 4) it could be observed that
the most significant area is from 430" to 480" amino
acid, at the frequency fO, (circled in the figure). This
fragment isin complete overlap with the 44mer fragments
responsible for the binding to the CD4. Although these
fragments by themselves do not have frequency fO as
the most significant CD4 antigen as well as the whole
gp120 do have fO as the most significant frequency
(Tablel).

From gp4l scalogram (Fig. 5) four different significant
regions could be observed. The first region is related to
the frequencies f1 and f2 and is from about 540" to 570"

amino acid. Thisregion is overlapping inhibitory peptide
DP107. The second region is related more to the
frequency f0 is from about 590" to 630" amino acid. This
region is between DP107 and 635-664 peptides with
possible small overlaps with each of them. However, as
this fragment is related more to the frequency f0 it would
represent possible biding site rather than inhibitory
peptide. The third significant area is related to the
frequencies f1 and f2 and is from about 620" to 660"
amino acid and is in complete overlap with both
inhibitory peptides 637-666 and T20. Thus both
significant regions that are related to the frequencies f1
and f2 are related to the inhibitory peptides aswell. Asit
was found earlier [1,15] that inhibitory peptides are
characterised by these frequencies the result is expected.
There are no other peptidic candidates for inhibitory
peptides according to the presented scalograms.
However, there is a very strong and wide, fourth, region
in the gp41 sequence which is from about 770" to 830"
amino acid. This region is more related to the frequency
fO and thus could be a good candidate for the binding
region. All significant regions in both gp120 and gp41l
arecircled in the related scallograms, figures 4 and 5.
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Figure 3: CWT of the whole gp160 HIVENV strain lav
(scae 10)
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Figure 4: CWT of the gp120 HIVenv (scale 9)
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Figure 5: CWT of the gp4l HIVenv (scale 8)

V CONCLUSION

The RRM model has been applied here to anayse
characteristics of HIV envelope proteins with the aim to
identify functionally important fragments. Two separate
groups of fragments have been identified:
Three fragments which are related to frequency fO
(430-480, 590-630 and 770-830) . One of them is
overlapped with the well known 44-mer fragments
responsible for binding with CD4 antigen while the
other two have still unknown function but they
could be a good candidates for additional binding
sites.
Two fragments which are related to the frequencies
fu/f2. Both of them are overlapped with
experimentally established inhibitory peptides.
Thusit is possible to conclude that frequency fO is more
related to the binding with CD4 while frequencies f1 and
f2 are more related to inhibition of this binding.
Having identified protein characteristics which are
crucia for HIV interaction and inhibition is an important
step towards understanding the HIV activity and
designing the potent inhibitors.
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